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® Method of forming a thin copper film by low temperature CVD. 



@ A thin copper film is formed by CVD. by (a) 
forming a gas stream containing a copper halide, 
followed by introducing said gas stream Into a CVD 
reaction chamber having a heated catalytic metal 
filament arranged herein, (b) introducing hydrogen 
gas into the CVD reaction chamber for activation of 
said hydrogen gas by the heated catalytic metal 



filament, and (c) carrying out the reaction between 
the copper halide contained in the gas stream intro- 
duced in step (a) and the hydrogen activated in step 
(b) near the surface of a substrate arranged within 
the CVD reaction chamber so as to deposit a thin 
copper film of copper on the substrate surface. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a nnethod of 
forming a thin copper film on the surface of a 
substrate by means of low temperature CVD. 

Description of the Background 

The technique of forming a thin copper film on 
the substrate surface is highly useful in various 
fields. For example, a thin copper film can be 
formed on the surface of a ceramic substrate by 
metallization. A ceramic substrate such as an alu- 
mina substrate is widely used as a packaging ma- 
terial of an IC or as a substrate for mounting an IC. 
When the ceramic substrate is used in such ap- 
plications, it is necessary to form a wiring pattem 
on the substrate surface. For the wiring pattem 
formation, copper metallization is applied in general 
to the substrate surface so as to form a thin con- 
ductive film. 

An alumina (AI2O3) substrate is most widely 
used as a ceramic substrate. An alumina substrate 
exhibits excellent insulating properties, heat con- 
ductivity, resiistance to chemicals, and mechanical 
strength, arwj is relatively cheap. On the other 
hand, marked progress is being made nowadays in 
the degree of integration, operating speed and out- 
put power of an IC, leading to a serious demand for 
a ceramic substrate with further improved heat- 
dissipating properties such as a substrate which is 
fully capable of acting as a heat sink. However, an 
alumina sut>strate normally has a heat conductivity 
of 10 to 35 W/mk and therefore fails to provide a 
sufficient heat sink function. 

Beryllia (BeO) substrates and aluminum nitride 
(AIN) substrates are known an ceramic substrates 
which function fully as heat sinks. However, beryllia 
substrates, which have high heat conductivities 
ranging from 150 to 250 W/kb. are costiy. In addi- 
tion, BeO powder is poisonous which gives rise to 
difficulties in the manufacturing of beryllia sut>- 
strates. On the other hand, aluminum nitride sub- 
strates have high heat conductivities on the order 
of 140 to 260 W/kb and have low manufacturing 
costs. In addition. AIN substrates exhibit excellent 
properties such as a low heat expansion coefficient, 
a high electrical insulation and a high mechanical 
strength. Thus, AIN substrates are expected to 
become more important in this field. 

The technique of forming a thin copper film 
may also be applied to the coating of the surface 
of a stainless alloy plate with a thin copper film. 
Stainless alloys are already widely used. The ap- 
plication of a thin copper film coating is expected 
to further pron^te the use of stainless alloys. For 



example, the beautiful surface exhibited by a thin 
copper film coating makes stainless alloys suitable 
for use as a housing material, particularly, as an 
interior material and as an ornamental material. 

5 Stainless alloys exhibit poor solder wettability. 
. However, solder wettability is markedly improved 
by the thin copper film coating, making it possible 
to use the stainless steel even in fields which 
require soldering. Further, the thin copper film 

70 coating eliminates the problem of stainless steel of 
having high electrical resistance. It follows that 
stainless steel coated with a thin copper film exhib- 
its both the excellent spring properties of the stain- 
less steel and the low electrical resistance of the 

75 copper film when the coated stainless steel is used 
in various applications such is in switches, termi- 
nals of a dry cell casing, and the like. 

For forming a thin copper film on a substrate 
surface, various methods are known to the art 

20 including, for example, vacuum evaporation, sput- 
tering, electroless plating. CVD and plasma CVD. 
However, it is necessary to heat the sut>strate to a 
temperature of 400 to 1,300*C in each of these 
known methods except the electroless plating 

25 method and plasma CVD. Furtfier, when it comes 
to the plasma CVD method, it is necessary to use 
a plasma generator vtrhich is very expensive. A 
need therefore continues to exist for an improved 
method of coating substrates with copper films. 

30 

SUMMARY OF THE INVENTION 

^ Accordingly, one object of the present inven- 
tion is to provide a method of forming a thin oopp>er 

35 film on a substrate surface by CVD In which the 
substrate is held at a relatively low temperature. 

> Briefly, this object and other objects of the 
present Invention as hereinafter will become more 
readily apparent and can be attained by a method 

40 of fonming a thin copper film by CVD by (a) for- 
ming a gas stream containing a copper halide, 
following by introducing said gas beam into a CVD 
reaction chamt>er having a heated catalytic metal 
filament arranged therein, (b) introducing hydrogen 

45 gas into the CVD reaction chamt)er for activation of 
said hydrogen gas by the heated catalytic metal 
filament and (c) carrying out the reaction t>etween 
the copper halide contained in tfie gas stream 
introduced in step (a) and the hydrogen activated 

50 in step (b) near the surface of a substrate arranged 
within the CVD reaction chamber so as to deposit a 
thin film of copper on the substrate surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

A more complete appreciation of the invention 
and many of the attendant advantages thereof will 
be readily obtained as the same t»ecomes tetter 
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understood by reference to the following detailed 
description when considered in connection with the 
accompanying drawings, wherein: 

Figure 1 shows the CVD apparatus used in the 
exannples of the specification; and 
Figures 2 to 4 show the results of EDAX spec- 
tral analysis. X-ray analysis and Auger analysis, 
respectively, as obtained from a thin copper film 
formed by an embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Step (a) 

For the first step of the present process, an 
especially preferred, but not limiting, way to form a 
gas stream containing a copper halide is to con- 
tinuously supply a halogen gas QCz) or a hydrogen 
halide gas (HX) into a copper tut)e heated to. for 
example, about 1000* C. It is desirable to use a 
quartz furnace provided with an outer heater for 
heating the copper tube. The halogen gas or the 
hydrogen halide gas reacts with copper while flow- 
ing through the heated copper tube so as to form a 
copper halide (CuX or GuX2). Chlorine (CI) is a 
desirable halogen. It is particularly desirable to 
pass HCI gas through the copper tube. When HCI 
is passed through the tube. CuCI or CuCb is 
formed within the halide, as shown below: 

Cu + HCI — CuCI + 1/2H2 
Cu + 2HCI — CuCb + H2 

Note that CuCt is converted into CuCI at about 
993 -C. 

The gas stream thus prepared is passed 
through a feed gas supply pipe into a CVD reaction 
chamber. A conventional reaction chamber used for 
such purposes can be used, except that a catalytic 
metal filament, which is described in detail in con- 
junction with step (b). should be positioned witiiin 
the reaction chamber. 

Another technique can he employed in step 
(a). In this method, a copper halide prepared in 
advance is evaporated, and the resultant copper 
halide gas is supplied to the reaction chamber 
through a suitable pipe or nozzle. It is also possible 
to use a carrier gas which does not adversely 
affect the CVD reaction, if necessary. 

Step (b) 

In the second step of the process, the hy- 
drogen gas introduced into the CVD reaction cham- 
ber in step (b) serves to reduce the copper hafide 
introduced therein in step (a). Concerning the ac- 



tivation mechanism of the hydrogen gas introduced 
in step (b). molecular hydrogen H2 is t>eneved to 
decompose into atomic hydrogen H by ttie action 
of the heated catalytic metal filament, as shown 
5 below: 

H2 -* 2H 

The activation of the hydrogen gas makes it 
TO possible to deposit copper even on a substrate 
heated to a relatively low temperature, i.e.. about 
250 'C to atx>ut 300* C. Naturally, the activation 
step is most important in Oie present invention. 
It is possible to use W. Ta, Mo. W alloy or the 
75 like as the catalytic metal. Also, it is desirable to 
heat the catalytic metal filament to about 800' C to 
about 2000* C. preferably, to 1000* C or more. 

Step (c) 

20 

In the third step of the process, the copper 
halide introduced in step (a) is decomposed or 
reduced by the hydrogen gas activated in step (b). 
and the resultant copper is deposited on tfie sub- 
25 strate surface. 

For example, the cuprous chloride and cupric 
chloride are reduced by activated hydrogen, as 
shown below: 

30 CuCI + H -* Cu + HCI 

CuCb + 2H — Cu + 2HCI 

As described previously, cupric chloride is like- 
ly to decompose into cuprous chloride. Thus, it 
35 may be reasonable to understand that copper film 
formation occurs substantially by tiie reduction of 
cupric chloride. 

Step (c) is equivalent to the similar step in the 
conventional CVD reaction, except that tiie reduc- 
40 ing agent of hydrogen gas is activated in the 
present invention. Since the hydrogen gas is ac- 
tivated, it is possible to deposit copper on the 
substrate surface so as to form a thin copper film, 
even if the substrate temperature is markedly lower 
45 than in conventional CVD. To be more specific, a 
thin copper film can be fonned satisfactorily in the 
present invention, if the substrate is heated to 
250*C to 1300*C in contrast to about 400*C to 
1300'C required in the conventional CVD method. 
50 The thin copper film formation in the present inven- 
tion under the substrate temperature of 250 to 
300 • C is of great significance in view of the fact 
that it has been impossible to form a tiiin copper 
film in the prior art at a sutjstrate temperature of 
55 300 • C or less unless plasma CVD is employed. 

The pressure within tiie CVD reaction chamber 
should generally be 0.1 to 10.0 Tonr during the 
CVD reaction. Under a high pressure, a thtek cop>- 
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per film can be obtained easily. However, large 
copper particles are deposited under a high pres- 
sure. For forming a thin film consisting of fine 
copper particles, it is desirable to set the pressure 
within the reaction chamber at 0.1 to 4.0 Torr. 
preferably, at 0.1 to 1 .0 Torr. 

The substrate on which a thin copper film is to 
be formed is not particularly restricted in tfie 
present invention. As described previously, a ce- 
ramic substrate such as an alumina substrate or an 
aluminum nitride substrate and a metal substrate 
such as a stainless steel substrate can be suitably 
used in the present invention. It is also possible to 
use a thermosetting resin substrate such as a 
polyimide substrate because the heating tempera* 
ture is relatively low in the present process. 

As described above in detail, the CVD method 
of the present invention makes it possible to form a 
thin copper film on the surface of a substrate while 
keeping the substrate temperature at a level which 
is markedly lower than the temperatures employed 
in the conventional method. It follows that the 
method of the present invention produces promi- 
nent effects in various fields, e.g.. in the metal- 
lization of ceramic packages and ceramic sub- 
strates for mounting an IC. and in the copper 
coating of a stainless steel. 

The present invention is directed to the forma- 
tion of a copper thin film. However, the CVD meth- 
od employed in the present invention is expected 
to be applicable to the formation of thin films of 
other metals. 

Having generally described this invention, a 
further understanding can be obtained by reference 
to certain specific examples which are provided 
herein for purposes, of illustration only and are not 
intended to be limiting unless otherwise specified. 

The apparatus shown in Rgure 1 was used in 
the following examples. As shown in tfie dravwng, 
the apparatus comprises a CVD reaction chamber 
10 provided with a hydrogen gas supply pMpe 12 
and a discharge port 13, A tungsten filament 14 
and a substrate heater 15 are arranged within the 
chamber 10. The filament 14 and ttie heater 15 are 
electrically energized. Further, a substrate 16 such 
as a ceramic substrate, on which a thin copper film 
is to be formed, is positioned on the substrate 
heater 15. 

The apparatus also includes a quartz furnace 
20 communicating with the reaction chamber 10. 
An outer heater 21 is disposed around the quartz 
furnace 20, and a copper pipe 22 is arranged in ttie 
fumace 20 such ttiat one end portion of the pipe 22 
is positioned outside the furnace 20. A HOI gas 
supply pipe 23 is connected to the end of the 
copper pipe 22 positioned outside the fumace 20, 
with the other end of the copper pipe 22 extending 
into the reaction chamber 10. 
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A thin copper film was actually formed by 
using the apparatus described above. In this ex- 
periment, the substrate 16 was heated to 250 'C. 
Likewise, the copper pipe 22 and tiie W filament 14 

5 were heated to 1000*0 and 1400*G, respectively. 
Further, the pressure within the chamt>er 10 was 
set at 1 Torr. 

To be more specific. HCI gas was allowed to 
flow through the copper pipe 22 at a flow rate of 10 

70 seem, while heating the quartz fumace 20 with the 
outer heater 21 . The resultant gas stream contain- 
ing copper chloride (CuCl and/or CuCb) was intro- 
duced into the reaction chamber 10 through the 
copper halide supply pipe 11. On the other hand. 

75 hydrogen gas was also introduced into the cham- 
ber 10 at a flow rate of 10 seem in order to be 
activated by the W filament 14. The copper chlo- 
ride was reduced within the reaction ehamb»er 10 
by the activated hydrogen gas. with the result that 

20 copper was deposited on the surface of the sub- 
strate 16. The deposition was carried out for 120 
minutes. 

A thin copper film was formed by the proce- 
dure described above on the surface of each of an 
25 alumina substrate (Example 1), an aluminum nitride 
substrate (Example 2) and a SUS 304 substrate 
(Example 3). A copper film atKHrt 1 u thick was 
formed in each of these examples. 

For comparison, a similar experiment was con- 
30 ducted in an attempt to form a thin copper film on 
the surface of each of an alumina substrate 
(Control 1). an aluminum nitride substrate (Control 
2) and a SUS 304 substrate (Control 3). except that 
the W filament 14 was not used in these Control 
35 cases. A thin copper film was not formed on the 
substrate in these Control cases. 

Then, the thin copper film formed on the sur- 
face of the aluminum nitride substrate in Example 2 
was analyzed by EDAX spectrum analysis. X-ray 
40 analysis and Auger analysis. Rgs. 2-4 show the 
results. These analytical results cleariy indicate that 
the thin copper film formed by the method of the 
present invention can t>e fully used in various 
fields. 

45 Having now fully described the invention, it will 

t>e apparent to one of ordinary skill in the art that 
many changes and modifications can t>e made 
thereto without departing from the spirit or scope of 
the invention as set fortii herein. 

50 

Claims 

1. A method of forming a thin copper film by 
CVD, comprising the steps of. 

55 
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(a) forming a gas stream containing a cop- 
per halide. followed by introducing said gas 
stream into a CVD reaction chamber having 
a heated catalytic metal filament arranged 
therein; ^ 

(b) introducing hydrogen gas into the CVD 
reaction chamber for activation of said hy- 
drogen gas by the heated catalytic metal 
filament; and 

(c) carrying out the reaction between the io 
copper halide contained in the gas stream 
introduced in step (a) and the hydrogen 
activated in atop (b) near the surface of a 
substrate arranged within the CVD reaction 
chamber so as to deposit a thin copper film is 
or copper on the substrate surface. 

The method according to Claim 1 . wherein the 
temperature of the substrate is about 200' C to 
about 1,300* C. 20 

The method according to Claim 1 or 2. wherein 
the substrate is selected from the group con- 
sisting of a ceramic substrate, a metal sub- 
strate, a glass substrate and a resin substrate. 25 

The method according to Claim 1 . wherein the 
catalytic metal filament is formed of a metal 
selected from the group consisting of W. Ta, 
Mo and W alloy. 

The method according to Claim 1, wherein the 
gas stream containing a copper halide is pre- 
pared by continuously supplying a halogen gas 
or a hydrogen halide gas to a heated copper 35 
tube. 
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